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1.0 PROBLEM STATEMENT
1.1 Scope
The Physical Science Laboratory, New Mexico State University con-
tracted to support development and design verification of the Landsat-D antenna
subsystem for the General Electric Company Space Vehicle Division, Vally
Forge, Pennsylvania.
Test antennas were furnished by the General Electric Company. The
full scale Landsat-D antenna test model was constructed by NMSU/PSL. In
addition a simulated, operating High-Gain antenna was fabricated at PSL. The
S-Band feed for this antenna was provided by TRW Company by Contract arrange-
ment with GE/SVD. Preliminary Drawings DWG 475252304 were provided by GE/SVD
for the antenna test model to be designed and constructed.
2.0 UNIT ANTENNAS
2.1 Antennas Furnished by GE/SVD
2.1.1 Two each S-Band shaped beam antennas (No. I and No. 2) to
operate at 2265.5 HHz - Right Circular Polarization.
2.1.2 Two each S-Band omni unit radiators (No. 1 and No. 2) to
operate in an array of two at 2106.4 and 2287.5 MHz - Right Circular
Polarization.
2.1.3 One GPS antenna to operate at 1575.42 Fl]tz and 1227.6 MHz -
Right Circular Polarization.
2,2 Antennas Furnished by TRW
2.2.1 One X-Band shaped beam antenna to operate at 8212.5 MHz -
Right Circular Polarization.
2.2.2 S-Band breadboard feed for High-Gain antenna.
2.3 Antenna to be furbished at PSL.
2.3.1 One S-Band high-gain parabolic antenna.
!
#
;°
3.0 HECHAffICAL
3.1 Antenna Range Telescoping Tower
3.1.1 To position the test vehicle above the antenna range platform
floor, and to lower it to a height where range technicians were able to reach
the various antennas safely, a telescoping, mounting tower was fabricated.
This cower allowed the center line of the vehicle held horizontal to be placed
15 feet above the floor, and when elevated as shown on Fig. 1 the horizontal
center line (the X-axis) was at 23 feet above the floor. The 23 foot position
allowed the solar array to just clear the floor of the tower platform during
antenna pattern measurement.
3.2 High-Gain Antenna In Stowed Position On Hockup
3.2.1 The photograph, Fig. 2, taken during the vehicle construction
period shows a front view of the High-Gain antenna stowed for launch. The
next page. Fig. 3, shows a back view of the High-Gain antenna stowed.
!
3.3 Completed Landsat-D Antenna Test Model
3.3.1 The completed test model shown on Fig. 4 was mounted on the
antenna range telescoping tower prior to mounting the assembly on the antenna
range tower. This test was constructed to check fit, operation and compatibil-
ity of the entire vehicle and test mounts.
3.3.2 Wind loads on this complete assembly could have produced a
dangerous condition for both personnel and the equipment when mounted on the
70 foot antenna range tower. This test was a precautionary move.
3.3.3 The superstructure supports on the solar array were fabricated
from fiberglass tubing to minimize radio frequency reflections and non-flight
interference.
3.3.4 The photograph Fig. 5 shows the complete assembly mounted on
the NHSU/PSL antenna range tower ready for testing. The High-Gain antenna is
stowed for launch. The solar array is fully deployed and points toward (-Z).
This configuration will be defined as the alternate orbit configuration. In
this case, the top edge of the High-Gain antenna is 112 feet above local
ground.
3.3.5 The photograph Fig. 6 shows the complete assembly with the
solar array pointing toward (-X). The High-Gain antenna is deployed and
points in the (-Z) direction.
3.3.6 The solar array active surface is the flat area on the (-X)
side of the vehicle.
i!
!
I
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Fig. i - Telescoplng Antenna Range Tower
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Flg. 2 - Launch Configuration for Htgh-GatnAntenna
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Fig. 3 - Launch Configuration for High-Galn Antenna
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Fig. 5 - Mounted on Antenna Range
Alternate Orbit Configuration
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Fig 6 - Mounted on Antenna Ranse
Normal Orbit Conftsuration
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4.0 IMPEDANCE MEASUREMENTS
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4.1 Omni Unit Radiators
4.1.1 Impedance characteristics of units No.'s 1 and 2 are presented
on Fig.'s 7 and 8.
4.2 S-Band Shaped Beam Antennas
4.2.1 Impedance characteristics of antenna No. 1 is shown on Fig. 9
and antenna No. 2 is shown on Fig. 10.
4.3 X-Band Antennas
4.3.1 Two different breadboard models of the antenna were shipped
to PSL by TRW. Both units were used during the test phases. Final antenna
pattern measurements were taken with model No. 2.
4.3.2 Impedance characteristics of breadboard model No. I are
presented on Fig. 11.
° 4.3.3 X-Band breadboard model No. 2 impedance characteristics are
shown on Fig. 12.
4.4 GPS Antenna
4.4.1 Impedance characteristics for the GPS antenna are shown on
Fig. 13.
4.5 High-Gain Antenna S-Band Feed
4.5.1 Impedance characteristics of the breadboard model of the TRW
S-Band feed for the High-Gain parabolic antenna are shown on Fig. 14. The
Ku-Band dichroic reflector was not included in any of the measurements at PSL.
m"
12
4.6 Spiral Launch Pickup Probe
4.6.1 A spiral pickup similar to those units used on earlier NIHBUS
satellites by GE/SVD was asssembled at PSL. Figures 15 and 16 show impedance
characteristics from 1200 to 1600 _fl[z and 2050 to 2800 HHz for this spiral
probe antenna.
I
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5.0 MEASURED ISOLATION BE_4EEN ANTENNAS
5.1 Measurement System
5.1.i The measurement circuitry is shown by Flg. 17.
LINE 2
RECEIVER TRANSMITTER
TEST POINTS
r "1
I I
i I
LINE I
I I
-J I0 dB
STEP i
ATTENUATOR
RECEIVER
FREQUENCY
COUNTER
l
SOURCE
POWER
RECORDER
Fig. 17 -- Isolation Test Ctrcult - Block Diagram
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5.1.2 Test points 1 and 2 are first connected together with points
3 and 4 left open, or floating. The following steps are then performed.
a) Power is applied with sufficient attenuation in series at
the step attenuator to protect the receiver from excessive
input power.
b) Frequency is noted at the counter.
c) The receiver/recorder is adjusted to read a 0 dB level.
d) A linearity check is run (in 2 dB steps) to show that the
receiver/ recorder system is linear over the available
dynamic recording range.
e) The test points 1 and 2 are separated; point 1 is con-
nected to point 3, and point 2 is connected to point 4.
f) The recorder level is noted.
The two lines (lines 1 and 2) are of equal length, and the
line loss at each frequency has been measured prior to
these tests.
.3
h) Line loss is accounted for and applied to the measured
level in (f) above. The isolation between the transmitter
and receiver is thus completed.
5.2 Results of Isolation Measurements
5.2.1 Chart 1 outlines the results of the isolation measurements.
F[i
I
i
I
? -
.
I"
!
25
O t( INAL PAOE
OF POOR QIJALJTy
TRANSHI TTER RECEIVER FREQUENCY RESULTS- I SOLATION
S-Band Shaped B_am # 1
S-Band Shaped Beam # 1
S-Band Shaped Beam # 1
S-Band Shaped Beam # 1
S-Band Shaped Beam # 1
S-Band Shaped Beam # 2
S-Band Shaped Beam # 2
S-Band Shaped Beam # 2
S-Band Shaped Beam # 2
S-Band Shaped Beam # 2
S-Band Shaped Beam #2
Omni - A
Omni - A
Omni - A
Omn£ - A 2106.4 HHz -49 dB
0mn£ - A 2265.5 MHz -49 dB
GPS 1227.6 HHz > -85 dB
GPS 1575.4 l_iz > -85 dB
GPS 2265.5 NHz > -85 dB
Omni - A 2106.4 HHz -50 dB
Omni - A 2265.5 _fllz -60 dB
GPS 1227.6 HHz > -85 dB
GPS 1575.4 Hliz > -85 dB
GPS 2265.5 ?fllz > -85 dB
S-Band #I 2265.5 HHz -46 dB
GPS 1227.6 HHz -53 dB
GPS 1575.4 Ffliz -62 dB
GPS 2287.4 HHz -76 dB
X-Band Shaped Beam
X-Band Shaped Beam
X-Band Shaped Beam
X-Band Shaped Beam
Omni - A 8212.5 HHz > -55 dB
GPS 8212.5 HHz > -49 dB
S-Band El 8212.5 HHz > -49 dB
S-Band #2 8212.5 HHz > -56 dB
Chart No. I - Heasured Isolation Between Antennas
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6.0 LAUNCH PROBE PICKUP HEASUREHENTS
6.1 S-Band Shaped Beam Antenna
6.1.1 Both units No.'s 1 and 2 were checked with the probe located
as shown on Fig. 18. The separation distance is 1 inch. Frequency was swept
from 2200 to 2300 MHz, and 2266 MHz was spotted on the graphs. The data are
presented on Fig. 19 for No. 1 and Fig. 20 for No. 2.
6.2 S-Band Omni Unit Radiators
H
!!
i '
i"
6.2.1 As shown by the photograph Fig. 21 the probe was positioned 1
inch from the radiator. Measured coupling data are shown on Fig.'s 22 and 23.
Frequency was swept from 2100 to 2300 MHz with 2106 and 2288 _fltz measured by a
Hewitt Packard Company frequency counter and spotted on the graphs.
6.3 GPS Antenna
6.3.1 The probe pickup was position in the same manner as provided
for the Shaped Beam and Omni units. Separation distance was 1 inch. The
measure data swept from 1200 to 1600 H]tz are shown on Fig. 24. The two opera-
tional frequencies - 1228 and 1575 HHz - were measured and spotted on the
graph.
6.4 X-Band Antenna
i :
6.4.1 Two different probes were investigated. First, as shown on
Fig. 24, the same spiral pickup used for the other antennas was placed in
various positions in front of the feed; and then behind the feed. On Fig. 25
the spiral pickup probe is placed behind the feed and off-set to allow an inch
clearance if the probe is pulled straight out parallel to the feed transmis-
sion line. The frequency was swept from 8100 to 8300 MHz and the measured
data are shown on Fig. 26. Coupling at 8212 MHz was (-34 dB) as shown on the
graph. This was considered low by the PSL cognizant engineer, and a second
attempt was made to improve the coupling.
[
!
I
!
27
Figure 27 shows an open-ended vaveguide used as the probe
pickup. This unit was placed in v_rious positions and the one shown produced
the best result. The off-set is in the order of 1 inch as done with the
spiral. The measure data are shown on Fig. 28. This probe provides close to
(-24 dB) coupling. A phone call to the GE/SVD cognizatn engineer was made,
these conditions were reported, but no further tests were required by GE.
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7. O ELECTROMAGNETIC INTERFERENCE FIELD STRENGTH MEASURENEHTS
7.1 Equipment Setup
7.1.1 The test setup is shown on the block diagram Fig. 29. Circuit
No. 1 shows how the equipment was connected for calibration, and No. 2 shows
the calibrated system connected for tests to proceed.
7.1.2 There are various methods for determining the field produced
by a given antenna as a source; and a local field may be measured without any
knowledge of the source producing its one method, and variations of the method,
is described in the Military Standard MIL-STD-462; hut the required measure-
ments for the Landsat-D case do not fit well with these specifications. Also,
the National Bureau of Standards uses techniques for measuring field strength
which might be applied to the Landsat-D measurement requirement. The method
described following these notes (under procedure) can be used to determine the
antenna factor stated in the MIL specifications, but the procedure used is
straight forward, with the exception that, for any of the measurement methods,
the requiremeut to measure the field not in true free-space increases possible
error in the results. The requirement that the field be measured close to the
metal skin of the test vehicle makes it difficult to use free-space gain
information about the test probes - or receiving - antennas. Reflections and
scattering from the test vehicle skin can modify the incident field making
measured values appear either higher or lower than the actual incident field.
For the measurements performed standard gain horn antennas were
used as probes.
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SOURCE
®
-22 dB 50 --,-
POWER
METER
O-69dB
Pr
I I dB
RECEIVER
!
RECORDER
CALIBRATION CIRCUIT NO.I
SOURCE
@
POWER
METER
CIRCUIT NO. 2
X-BAND
SHAPED BEAM
ANTENNA
6dB
i
RECEIVER
I
I RECORDER ]
7 PROBE
ANTENNA
1
7.2 Procedure:
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7.2.1 Set up the source and measure the source power by the power
meter in Circuit I.
7.2.2 Adjust the (0-69 dB) attenuator to provide a 0 dB level on
the reciever/ recorder.
7.2.3 Check the linearity of the receiver/recorder with the system
at this gain level.
7.2.4 This process establishes a known power input to the point
shown as Pr, or the poiwer input represented by 0 dB is known(where the circuit
is impedance matched).
7.2.5 Go to Circuit 2.
Increase the power input to the transmitting antenna by adjusting
the (0-69 dB) attenuator until a level at the recorder can be recorded relative
to 0 dB. Then:
PTGT
= A = SA ;Pr _ e e
S = Power flux density at the Probe In Watts/meter squared.
A = Effective area of the probe antenna in meters squared.
e
G _2
rA =
e 4n
Therefore:
S GA, 2
r
P -
r 4n
iAnd rearranging;
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(Pr) is known from the recorded signal relative to 0 dB;
where the 0 dB power level was established in Step I.
(Gr) must be known,
(_) is measured and known.
I
4n P
r
S = _ watts/m, or
r
II 2s = ,E, = 377 ohmsZ ; Zo
o
Finally:
E = _ volts/m.
0
the chosen probe was linearly polarized.
Prh was recorded for a horizontal component of polarization;
and
P was recorded for a vertical component of polarization.
rv
The two linear components of power (not dB) can be added
to give the total power.
7.3 Results of EMI Field Measurements
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7.3.1 A layout of the MSS, thematic mapper, and antennas to show
relative positions is presented on Fig. 30. This sketch is not to scale.
Plus Z-axis is out of the page.
through 36.
Each position is defined. The data are presented on Fig.'s 31
7.3.2 Measurements were made at the scanner aperture of the MSS and
the thematic mapper systems, but not inside the opening.
7.3.3 A measurement was taken near the mockup surface of the motor
module with the probe antenna in the same plane as the edge of the X-Band
ground plane. The measured field was 58 v/m with 44 watts input to the X-Band
antenna.
The position is shown on Fig. 36.
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8.0 SIMULATED SHROUD ANTENNA PATTERNS
AND GAIN MEASUREMENTS
8.1 Hechanical
8.1.1 Figure 37 is a sketch to show the simulation constructed at
the PSL shop from dimensions provided by the GE/SVD cognizant engineer. The
photograph Fig. 38 shows the completed mockup.
8.1.2 Care should be excercised in interpreting the antenna patterns
and gain obtained because both are very sensitive to the mockup shape, and to
items inside the mockup. If in the flight model case the shroud is a tightly
sealed space to r.f. energy, this approach will probably work as well as
indicated by these data. Experience with former vehicles (NIMBUS-A) attempting
this kind of pre-launch r.f. radiation through an opening was not very success-
ful where the thermal blanket was not a very good r.f. seal.
Y48.00
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8.2 Simulated Shroud Antenna Heasurenents
8.2.1 S-Band Omni unit radiator
2287.5 HHz
R.C. Polarization
Survey Data
8.2.2 Gain = +5 dBi at (0,0) = (0°,0°);
where 6 = 0 ° is normal to the openin8 in the shroud.
[iI
I
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9.0 DETERMINE ISOLATION REQUIRED BETWEEN THE HIGH-GAIN ANTENNA AND THE
S-BAND OMI_I ARRAY IN THE RF COMBINER AND I{ARNESS NETWORK
9.1 Test Circuit
OMNI NO. I
\7
T
|
I
I
I
I
ONNI NO.2
\7
,_ so,('t,
'_ HIOH GAINANTENN
I
/'_ -IOdO
COUPLER
6dB ATTENUATOR
INPUT
Fig. 46 - Final Test Circuit - R.F. Combiner Test
6O
9.2 High-Gain Antenna Simulation
9.2.1 The S-Band High-Gain antenna was simulated by constructing it
in a lighweight, perforated surface style as shown in the accompanying photo-
graphs. The S-Band feed for this antenna was furnished by TRW. The Ku-Band
dichroic reflector was not included in these tests.
9.2.2 To show that the antenna is a reasonable simulation of the
flight configuration, free-space patterns were measured with Left Circular
polarization (which is the normal operating mode for this antenna). Peak gain
measured was (+26 dBi). The patterns show expected low level (-24 dB) side
lobes and hack lobe radiation greater than (-40 dB) down. The omni array
operates normally as a Right Circularly polarized antenna and therefore pat-
terns were measured to show the Right Circular polarization characteristics of
the high-gain antenna. The peak measured gain for this polarization was
(+11.3 dBi). The sidelobe structure covers a fairly broad total angle at
levels approaching (-7.0 dBi).
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9.3 Isolation Measurements
9.3.1 A number of tests were made by positioning the solar array
and the High-Gain antenna in various positions. The data included here are a
minimum to show the results of these many tests.
9.3.2 Pattern No. 13623B shows a % = 0 ° scan with the solar array
at (-X) and the High-Gain antenna pointing toward (-Z). The High-Gain antenna
transmission line is not connected into the combiner circuit but shadowing of
the omni-array pattern is apparent in quadrant 4.
9.3.3 The High-Gain antenna was positioned to point toward (-X)
and this antenna was then connected to the combiner circuitry with only 3 dB
isolation. Interference is apparent in the third quadrant on pattern No.
13635B and the main lobe of the High-Gain antenna is apparent at (8,#) =
(90°,180°).
9.3.4 After searching through several High-Gain antenna positions,
the High-Gain antenna was positioned at (8,#) = (150°,270 ° ) and the solar
array was left at (-X). This High-Gain antenna position means the antenna
points in a direction (-30 ° ) from (-Z) toward the (-Y) axis. Pattern No.
13641B shows the results with only 3 dB isolation. The main beam of the
High-Gain antenna is apparent at (8,_) = (150°,270 ° ) or in the third quadrant.
9.3.5 The series of pattern numbers 13641B, 13542B, 13547B, 13544B
and 13646B show the coupling effects as the isolation is increased from 3 dB
through 20 dB; and finally on 13646B the High-Gain antenna transmission line
was disconnected from the combiner circuit. This series was taken in a _ = 90 °
scan. It can be seen the 16 dB isolation should be sufficient.
9.3.6 Pattern Nos. 13674B and 13681B were measured at 2288 MHz to
show the interaction between the High-Gain antenna and the omni array at that
frequency. The principal region of interference is at (e,%) = (150°,270°).
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10.0 LOBE OVERLAPPING BETWEEN PORT A AND B -
S-BAND OI'INI ARRAY ANTENNA
10.1 Neasurements
10.1.1 Data on Fig.'s 65, 66, and 67 show that in the 0 = 90 ° area
the interference lobe structure shifts just enough in angle for the lobes of
one port to just overlap the nulls of the opposite port.
It should be specifically noted, however, that there is a drop
in the general signal level in some direction about phi (_). For example note
that the lobe amplitude on Fig. 67 at both (0,_) = (800,90 ° ) and (160°,90 ° ) is
generally high while Fig. 65 shows a general dip in amplitude on both sides of
the pattern at @ = 90 ° . Similarity from both ports in the pattern shape is
also noted.
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11. O FREE-SPACE ANTENNA PATTERNS
11.1 Antenna Range
11.1.1 The NHSU/PSL 120 foot model antenna range was utilized for
the free-space measurements. No photography was taken during Landsat-D measure-
ments, but the photographs shown on Fig.'s 68 and 69 shown one of the earlier
Landsat sensor ring mockups undergoing text. These photographs are shown to
exhibit the mode] reange. _stance from the ground to the center of the test
mockup, or the test antenna for Landsat-D, is 33 feet. The absorber block
shown on Fig. 68 reduces ground reflections. This block was used during the
Landsat-D measurements.
11.2 Outline of Free-Space Measurements
11.2.1 Chart No. 2 outlines all free-space measurements made.
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S-Band Omni Unit Radiator No. 1 - 2106 N]Iz
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11.3.1 Antenna Patterns - R.C. Polarization
Measured Gain = +5.1 dBi at (_,0) = (0°,0 °)
2106 t_z
Polarization Axial Ratio
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11.4 S-Band Omni Unit Radiator No. 1 - 2288 M_z
11.4.1 Antenna Patterns - R.C. Polarization
Measured Gain = +3.7 dBi
2288 MHz
Polarization Axial Ratio
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S=Band Omni Unit Radiator No. 2 - 2106 HHz
11.5.1 Antenna Patterns - R.C. Polarization
Heasured Gain : +4.8 dBi
2106 HIiz
Polarization Axial Ratio
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S-Band Omni Unit Radiator No. 2 - 2288 _fl_z
11.6.1 Antenna Patterns - R.C. Polarization
Measured Gain = +3.8 dBi
2288 HHz
Polarization Axial Ratio
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S-Band Shaped Beam No. 1 - 2266 l_lz
11.7.1 Antenna Patterns - R.C. Polarization
Measured Gain = +3.9 dBi
2266 MHz
Polarization Axial Ratio
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S-Band Shaped Beam No. 2 - 2266 MHz
11.8.1 Antenna Patterns - R.C. Polarization
Measured Gain = +3.7 dBi
2266 H]iz
Polarization Axial Ratio
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11.9 GPS Antenna - 1228 l_z
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11.9.1 Antenna Patterns - R.C. Polarization
Polarizatio_i Axial Ratio
Measured Cain - +5.3 dBi at (_,8) = (0°,0 °)
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GPS Antenna - 1575 HHz
11.10.1 Antenna Patterns - R.C. Polarization
Gain - +1.7 dBi at (_,6) = (0°,0 °)
Polarization Axial Ratio
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X-Band Shaped Beam Antenna - 8212.5 [_Hz
11.11.1 Antenna Patterns - R.C. Polarization
Measured Gain = +8.3 dBi at (_,0) = (0°,64 °)
Polarization Axial Ratio
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Fig. 1_1 - B,wk View of the X-Band Sh,_ped Beam Antenna No. 2
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ANTENNA PATTERNS UTILIZING FULL SCALE MOCKUP
12.1 Antenna Range
12.1.1 Two range legs were used to complete the required measure-
ments. In cases where the entire vehicle had to be uniformly illuminated with
a plane wave over the test model, a 3,000 foot range leg was used. Where
feasible - generally for the X-Band antenna - a 160 foot range leg was utilized.
The choice of range leg length is indicated on Chart No. 3;
which also outlines all antenna pattern measurements performed except the
free-space measurements already presented on Chart No. 2.
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12.2 Definitions of Configurations and Patterns
12.2.1 Flight Configuration
The flight configuration is defined as solar array and High-Gain
antenna fully extended. The solar array shall be in two positions: one,
pointing toward (-Z); two, pointing toward (-X).
The High-Gain antenna shall point toward (-Z).
12.2.2 Alternate Flight Configuration
The alternate flight configuration is defined as solar array
deployed and the High-Gain antenna stowed.
12.2.3 Free Space Patterns
Free space patterns and gain measurements of each antenna
(except High-Gain antenna), shall be made in the two principal planes. The
pattern measurements shall be made with an RCP reference and the polarization
axial ratio shall also be measured.
i
I
4
i °
. °
12.2.4 Survey Patterns
Survey patterns are defined as a set of polar plots of arbitrary
number and aspect angle which are used as a design tool in predicting the
adequacy of the antenna element design, orientation and the antenna test range
effects.
12.2.5 Full Pattern Sets
For the purpose of this specification a full set of pattern
data shall be defined as a set of polar plots, taken with the specified polari-
zation (IEEE definition), for _ = 0° to 180 ° in I0° increments for a total of
19 antenna pattern plots.
[
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12.2.6 Power Contour Graph
Power contour graphs, using equi-area format, shall be prepared
for each full pattern set and each polarization and each hemisphere specified.
12.2.7 Gain Measurements
_ntenna gain shall be measured for each antenna system at the
frequencies specified. Gain shall be measured relative to a standard gain
reference antenna. The measured gain shall be stated for a particular direction
of look; usually in the direction of maximum signal as determined from antenna
pattern polar plots. Antenna gain shall be referenced at the antenna input
connectors excepting the S-Band Omni Array which shall be referenced to the
two inputs of the hybrid of the combiner.
Note: By direction from the General Electric Company Cognizant
Engineer the S-Band Omni Array gain is referenced to the
unit antennas input connector. The line loss of the array
harness was removed from the calculation.
12.2.8 Thematic Mapper (TM) Cooler Door
All defined patterns and plots shall be made with the TM cooler
door in the normal flight position (open). Survey patterns for antennas, with
the exception of GPS, shall also be made with the TM door closed.
No effects noted except for S-Band Shaped Beam No. I. A full
set of data were measured for this antennas and a power contour was plotted.
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12.3 S-Band Shaped Beam Antenna No. 1 - Cooler Door Open
Antenna Patterns - 2265.5 MBz - Solar Array (-X)
12.3.1 R.C. Polarization
High-Gain Antenna (-Z)
Cooler Door Open
Antenna Range Leg Length - 3000 feet
12.3.2 This antenna is mounted adjacent to the Thematic Mapper
Cooler and is the only antenna on board which showed any influence by opening
and closing the door. A full set of data were measured for the (-X) case.
Power Contour graphs are plotted for each case.
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S-Band Shaped Beam Antenna No. 1 - Cooler Door Closed -
Antenna Patterns - 2266 MBz - Solar Array (-X)
12.4.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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S-Band Shaped Beam Antenna No. 1 - Cooler Door Closed -
Antenna Patterns - 2266 MHz - Solar Array (-Z)
12.5.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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12.6 S,-Band Shaped Beam Antenna No. I - Cooler Door Open
Special Test - 160 Foot Antenna Range - 2266 HHz
Solar Array and High-Gain Antenna Removed
12.6.1 As a special test full sets of data were measured for S=Band
Shaped Beam Antenna No. 1 on the shorter, 160 foot, antenna range with both
the High=Gain Antenna and the Solar Array removed. Power Contour plots were
not made for these data. The dashed line data on Fig.'s 177 through 183 are
data measured on the 3,000 foot antenna range with the Solar Array at (-X) and
the High-Gain Antenna at (-Z).
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S-Band Shaped Beam No. 2 - Cooler Door Open
Antenna Patterns - 2266 MHz - Solar Array (-X)
12.7.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3,000 Feet
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12.8 S-Band Shaped Beam No. 2 - Cooler Door Open
Special Test - 160 Foot Antenna Range - 2266 Miiz
Solar Array and High-Gain Antennas Removed
12.8.1 As a special test full sets of data were measured for S-Band
Shaped Beam Antenna No. 2 on the shorter, 160 foot, antenna range with both
the High-Gain Antenna and the Solar Array removed. Power Contour plots were
not made for these data. The dashed line data on Fig.'s 193 through 199 are
data measured on the 3,000 foot antenna range with the Solar Array at (-X) and
the High-Gain Antenna at (-Z).
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S-Band Shaped Beam Antenna No. 2 - Cooler Door Open
Antenna Patterns - 2266 MHz - Solar Array (-Z)
12.9.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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12.10 S-Band Omni Array - Port A - Antenna
Antenna Patterns - 2106 MIIz - Solar Array (-X)
12.10.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
T
12.10.2 Survey data were measured with the cooler door closed. No
effects of opening and closing the cooler door were observed.
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S-Band Omni Array - Port A - Antenna
Antenna Patterns - 2106 HHz - Solar Array (-Z)
12.11.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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S-Band Omni Array - Port A - Antenna
Antenna Patterns - 2287.5 Mllz - Solar Array (-X)
12.12.1 R.C. Polarization
High-Gain Antenna (-Z)
Cooler Door Open
Antenna Range Leg Length - 3000 Feet
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12.13 S-Band O_ni Array - Port A - Antenna
Antenna Patterns 2287.5 MHz - Solar Array (-Z)
12.13.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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S-Band Omni Array - Port B - Antenna
Antenna Patterns - 2106 MBz - Solar Array (-X)
12.14.1 R.C. Polarization
High-Gain Antenna (-Z)
Cooler Door Open
Antenna Range Leg Length - 3000 Feet
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12.15 S-Band Omni Array - Port B - Antenna
Antenna Patterns - 2106 MBz - Solar Array (-Z)
12.15. I R.C. Polarization
High-Gain Antenna (-Z)
Cooler Door Open
Antenna Range Leg Length - 3000 Feet
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S-Band Omni Array - Port B - Antenna
Antenna Patterns - 2287.5 MBz - Solar Array (-X)
12.16.1 R.C. Polarization
High-Gain Antenna (-Z)
Cooler Door Open
Antenna Range Leg Length - 3000 Feet
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S-Band Omni Array - Port B - Antenna
Antenna Patterns - 2287.5 MHz - Solar Array (-Z)
12.17.1 R.C. Polarization
High-Gain Antenna (-Z)
Cooler Door Open
Antenna Range Leg Length - 3000 Feet
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12.18 S-Band Omni Unit Radiator No. 1 - On Earth Side of Mockup
Antenna Patterns - 2287.5 MBz - Solac Array (-X)
12.18.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
12.18.2 The omni array harness was disconnected and omni No. I,
which was mounted on the (+Z) side of the test vehicle was tested by itself.
The Power Contour's Fig.'s 274 and 275 show tl_e resulting radiation coverage
in the twc hemispheres for this antenna element alone.
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12.19 S-Band Omni Unit Radiator No. 2 - On Sky Side of Mockup
Antenna Patterns - 2287.5 HHz - Solar Array (-X)
12.19.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
12.19.2 The omni array harness was disconnected and the unit
radiator No. 2 was examined by itself. The contour plots on Fig.'s 281 and
282 show results.
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12.20 S-Band Omni Unit Radiator No. 3 - Antenna - First Option
Antenna Patterns - 2287.5 MHz - Solar Array (-X)
12.20.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
12.20.2 This unit radiator was mounted near the (+X) end of the
test vehicle on the (+Y) side.
12.20.3 The purpose of this test was to investigate the use of a
radiator to supplement the omni array antenna for pattern coverage near the
0 = 90 ° region. The interference lobe structure always present for the omni
array in the 8 = 90° region of the pattern might be filled by a single unit
antenna. The result3 are shown on Fig.'s 289 and 290.
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12.21 S-Band Omni Unit Radiator No. 3 - Antenna - Second Option
Antenna Patterns - 2287.5 MHz - Solar Array (-X)
12.21.1 R.C. Polarization
High-Gain Antenna (-Z)
12.21.2 This unit radiator was mounted on the High-Gain Antenna
boom opposite the GPS Antenna.
12.21.3 The purpose of this test was similar to omni No. 3 - First
Option described in Section 12.20.2 where it was desired to supplement the
omni array antenna pattern coverage in the 0 = 90 ° region of the array with
coverage by a separate unit radiator.
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GPS Antenna 1228 MHz
Antenna Patterns - Solar Array (-X)
12.22.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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12.23 GPS Antenna - 1228 HHz
Antenna Patterns - Solar Array (-Z)
12.23.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
/
//
/;
/\
282
_.oo
ORIGINAL PAGE IS
OF POOR QUALITY
l!
{- i
!,
i'i'
i.
,2OO
IIOO '
IOOO
@-80o
$40o
FIG, NO, )17
MOOEL SCALE
FtNOORAM . U_n.0SA_-D
ANTENNA GPS
FREQUENCY" 1228e,_.lz
FuLu ..,
REMARKS
- SOLAR PA'NEL'(-Z)
F'OWEeco_itou,oraeH
POt.ARIZATION q.Ci
GAIN REFERENCE SGH-t.I HORN
ENGINEER '1 c.¢. Post
ORBIT CONFIGURATION
HIGH-GAIN ANTENNA r-Z1
/
/ /
,/ //
u
283
ORIGINAL PAGE IS
OF POOR QUALITY
284 ORIGINAL PAGE IS
OF. POOR QUALITY
?
?
i!,
,t
• I
k .
ORIGINAL PAGE IS
OF POOR QUALITY
286
T
It
12.24
287
GPS Antenna - 1228 tiHz
Antenna Patterns - Solar Array (+Z)
12.24.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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GPS Antenna - 1575 HHz
Antenna Patterns = Solar Array (-X)
12.25.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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GPS Antenna - 1575 l_Iz
Antenna Patterns - Solar Array (-Z)
12.26.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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12.27 GPS Antenna - 1575 Hllz
Antenna Patterns - Solar Array (+Z)
12.27.1 R.C. Polarization
High-Gain Antenna (-Z)
Antenna Range Leg Length - 3000 Feet
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12.28 X-Band Shaped Beam Antenna Unit No. 2
Nine Frequency Special Survey
Antenna Patterns - Solar Array Removed
12.28.1 R.C. Polarization
Solar Array Removed
High-Gain Antenna Removed
Antenna RAnge Leg Length - 160 Feet
Cooler Door Open
!2.28.2 Frequencies Survey:
8127.5 MHz 8233.75 MHz
8148.75 MHz 8255.0 MHz
8170.0 MHz 8276.25 MHz
8191.25 MHz 8297.5 MHz
8212.5 MHz
12.28.3 _ = 90 ° scan only for each frequency
12.28.4 Power normalized on each pattern at (_,0) = (900,64 ° )
12.28.5 The TRW Company shipped two different breadboard models to
NMSU/PSL for the tests. These are designated Model No. 1 and Model No. 2.
Model No. 2 is an improved radiator compared to Model No. I. Some part of the
measurements reported herein utilzed one or the other of these antennas as
indicated in the section titles. Free space data and gains were measured for
both of these antennas.
ii
ii
t.
1ti
12.28. 6 No effects of opening and closing the thematic door were
observed in the survey data measured.
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12.29 X-Band Shaped Beam Antenna Model No. 1
Survey at _ = 90 ° Scan Rolling Solar Array
12.29.1 A survey at the _ = 90 ° Scan at 8212.5 HBz constant was
made while the solar array was rolled in small increments around the (-Z)
direction. Figures 364 through 368 show that interference from reflections
off the solar array occurs in small angular positions of the solar array.
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12.30 X-Band Shaped Beam Antenna Model No. 2 - 8212.5 MBz
Antenna Patterns - Solar Array and High-Gain Antenna Removed
12.30.1 R.C. Polarization
Solar Array Removed
High-Gain Antenna Removed
Antenna Range Leg Length - 160 Feet
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13.0 ALTERNATE ORBIT CONFIGURATION - ANTENNA PATTERNS
13.1 General Comments
13.1.1 The photograph Fig. 5 shows the vehicle configured for the
Alternate Orbit situation. It is assumed in this case that the High-Gain
antenna has failed to deploy while the Solar Array is in normal orbit opera-
tion.
13.1.2 Survey patterns were made for the S-Band Omni Array with the
High-Gain antenna stowed and with the Solar Array in both the (-X) and (oZ)
positions. The cooler door was open.
13.1.3 Full data sets were measured for Port A at 2106 and 2288
MHz, and Power Contour plots were made.
13.2
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S-Band Omni Array - Port A - Antenna - 2288 Mllz
Antenna Patterns - Alternate Orbit Configuration
13.2.1 R.C. Polarization
Solar Array (-X)
High-Gain Antenna Stowed
Antenna Range Leg Length - 3000 Feet i
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S-Band Omni Array - Port A o 2287.5 MBz
Antenna Pattern - Alternate Orbit Configuration
R.C. Polarization
Solar Array (-Z)
High-Gain Antenna Stowed for Launch
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